a b s t r a c t Treatment of group 5 metal polychlorides such as, 
H, 11 B, 13 C NMR spectroscopy, and the geometric structures were unequivocally established by crystallographic analysis of 1e3. Ó 2011 Elsevier B.V. All rights reserved.
Introduction
The metallaborane chemistry [1e4], a part of inorganometallic chemistry [5] , is concerned with compounds containing direct MeB bonding. There are now a large number of metallaboranes known [6, 7] , and both the electron-counting rules and the isolobal principle revealed interconnections between ostensibly unrelated molecules and defined the scope of the area [8, 9] . On the other hand, the metallaheteroborane chemistry is extensive and has developed largely by the incorporation of one, two, or three atoms other than boron into the borane cluster. The conventional route to metallaheteroboranes proceeds in a sequence of steps leading from polyborane to heteroborane to metallaheteroborane [10] . Although there has been a resurgence of interest in such systems in recent years, there are very few examples in the literature, especially for the dimetallaheteroboranes of group 5 transition metals [4,6,11e13] .
Part of our studies has focused on the syntheses and characterizations of novel metallaboranes of group 5e8 and their derivatives 2 ]. The definitive assignment of the structure of 1 was obtained by X-ray crystallography. As shown in [18] . Each vanadium atom in 1 is in an elongated tetrahedral coordination environment with the Cp ligand occupying the apical position and the two coordination polyhedra sharing a common basal plane comprising three bridging Se atoms.
The vanadium atoms V1 and V2 are joined by a VeV single bond (2.7435(6) Å). In order to confirm the spectroscopic assignments and determine the full molecular and crystal structure of 2 an X-ray analysis was undertaken. Suitable crystals were obtained from a solution in hexane/dichloromethane (9:1) at À10 C. The molecular structure of 2, shown in Fig. 2 [24] . The average NbeB distance of 2.386 Å lies in the range of those reported for the niobium boron complexes [25] . The angle between the wings of the Nb 2 B 2 "butterfly" of 163.74 is comparable to the related cluster [(Cp * Mo) 2 B 4 H 8 (m-Seph)] [13] . The Cp ligands, bonded to the niobium centers, are tilted from the mean plane of the four boron and one selenium atom such that the dihedral angles between them are 3.67 and 7.00 .
All the five NbeHeB bridging hydrogen atoms of molecule 2 have not been positioned by X-ray diffraction studies, however their connectivity, both with metal and boron atoms (Scheme 1), have indubitably been located by low temperature 1 H{ 11 B} NMR spectra ( Fig. 3) . [26] , Re [27] , Ta [14a] and Mo analogues [13] , reveals several contrasting features (Table 2) . Although, the MeM distance in 2 is comparable, the average MeB distances are markedly longer. The distance between the two capping boron atoms differ to some extent with respect to the size of the open face of the Table 1 Characteristic structural and spectroscopic data of 1 and the other binuclear complexes. The molecular structure of 3, shown in Fig. 4 , is consistent with the analysis of the observed spectroscopic data and reveals core geometry that is the same as that observed for [(Cp * Ta) 2 . This may be due to the tendency of the boron and selenium atoms to form polarized bonds that have a localized two-center character resulting in the observed distances [30] . The bond angle of the BeSeeC moiety (104.7(4) ) in 3 suggests that the selenium atom is in sp 3 hybridization.
Conclusions
We have established the synthesis of group 5 organoselenolatobridged complex, 1 and two metallaheteroborane compounds 2 and 3, from the reaction of metal polychlorides with [LiBH 4 $THF] and Ph 2 Se 2 . The difference in reactivity pattern of the group 5 metal chlorides with dichalcogenide ligand is also reflected in the observed product distribution. Apparently, these results highlight the possibility of the synthesis of a new class of metallaheteroborane clusters.
Experimental

General procedures and instrumentation
All the operations were conducted under an Ar/N 2 atmosphere using standard Schlenk techniques or glove box. Solvents were (1)eB (1)eTa (2) 76.6(3), Ta(1)e B(2)eTa(2) 75.8(3), Ta (1)eB (3)eTa (2) 76.8(3), C (21)eSe (1)eB (1) Elimer Instruments series II model 2400. Infrared spectra were recorded on a Nicolet 6700 FT spectrometer. Mass spectra were obtained on ESI Q-Tof Micro mass Spectrometer and Jeol SX 102/Da-600 mass spectrometer/data system using Argon/Xenon (6 kv, 10 mÅ) as the FAB gas.
General synthesis of 1e3
In a typical reaction, [Cp 2 VCl 2 ] (0.08 g, 0.32 mmol) was loaded in toluene (12 mL) and cooled to À70 C, [LiBH 4 $THF] (1.0 mL, 1.92 mmol) was added via syringe and the reaction mixture was allowed to warm slowly to room temperature and left stirring for an additional hour. The solvent was evaporated under vacuum, the residue was extracted into hexane and filtration afforded an extremely air and moisture-sensitive red-blue intermediate. The filtrate was concentrated and a toluene solution (15 mL) of the intermediate was thermolyzed at 85 C with excess of Ph 2 Se 2 (0.2 g, 0.64 mmol) for 18 h. The solvent was dried and the residue was extracted into hexane and passed through Celite. After removal of solvent, the residue was subjected to chromatographic work up using silica gel TLC plates. Elution with a hexane/CH 2 Cl 2 (90:10 v/v) mixture yielded air-stable red orange 1 (0.03 g, 15%). Under same reaction conditions green 2 (0.03 g, 21%) and purple 3 (0.04 g, 27%) were isolated from the reaction of Ph 2 
X-ray structure determination
Crystal data for 1 and 3 were collected and integrated using OXFORD DIFFRACTION XALIBUR-S CCD system equipped with graphite-monochromated Mo Ka radiation (l ¼ 0.71073 Å) radiation at 150 K. Crystal data 2 were collected and integrated using a Bruker Axs kappa apex2 CCD diffractometer, with graphitemonochromated Mo-Ka (l ¼ 0.71073 Å) radiation at 173 K. The structures were solved by heavy atom methods using SHELXS-97 or SIR92 [33] and refined using SHELXL-97 (Sheldrick, G.M., University of Göttingen) [34, 35] .
Crystal data for 1: CCDC 819252, Formula, C 22 H 20 Se 3 V 2 ; Formula weight, 623.14 g/mol; Crystal system, space group: monoclinic, P2 1 
